Objective and Sample: This investigation assessed the comprehension of survival curves in a community sample of 88 young and middle-aged adults when several aspects of good practice for graphical communication were implemented, and it compared comprehension for alternative presentation formats. Design, Method, and Measurements: After reading worked examples of using survival curves that provided explanation and answers, participants answered questions on survival data for pairs of treatments. Study 1 compared presenting survival curves for both treatments on the same figure against presentation via 2 separate figures. Study 2 compared presenting data for 3 possible outcome states via a single ''multistate'' figure for each treatment against presenting each outcome on a separate figure (with both treatments on the same figure). Both studies compared alternative forms of questioning (e.g., ''number alive'' versus ''number dead''). Numeracy levels (self-rated and objective measures) were also assessed. Results: Comprehension was generally good-exceeding 90% correct answers on half the questions-and was similar across alternative graphical formats. Lower accuracy was observed for questions requiring a calculation but was significantly lower only when the requirement for calculation was not explicit (13%-28% decrements in performance). In study 1, this effect was most acute for those with lower levels of numeracy. Subjective (self-rated) numeracy and objective (measured) numeracy were both moderate positive predictors of overall task accuracy (r ' 0.3). Conclusions: A high degree of accuracy in extracting information from survival curves is possible, as long as any calculations that are required are made explicit (e.g., finding differences between 2 survival rates). Therefore, practitioners need not avoid using survival curves in discussions with patients, although clear and explicit explanations are important
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Line graphs are recommended for showing trends over time, 12 and so survival curves should be a good way of presenting survival data to patients. 13 The efficacy of using survival curves with patients has been explored in 2 ways: 1) testing how accurately people extract information from them and 2) considering patients' choices using survival curves-examining preferences for consistency, coherence, and sensitivity to the shape of the curve.
Armstrong and others 2 found that only around 50% of a broad-based community sample correctly answered all of 3 straightforward questions about survival probabilities shown via 2 survival curves. Armstrong and others 1 found that accuracy on such questions improved from 74% to 83% accuracy with practice-unless people were asked about changes in survival over time, where accuracy remained around 55%.
Patients' choices imply that survival curves allow them to understand the tradeoffs among different treatment outcomes. 5 Moreover, increasing the degree of explanation that is given when survival curves are shown increases sensitivity to the information represented by the curves. 7 The proportion of patients preferring a given treatment can differ according to whether survival rates are shown as ''proportion alive'' or ''proportion dead'' (i.e., a mortality curve). However, it is not clear that such ''loss-gain'' framing effects are any larger for survival curves than for nongraphical presentation. 14 Intriguingly, although people are less accurate at reading mortality curves than survival curves, 2,11 among those who can extract valid information from them, the consistency of repeated choices is greater for mortality than for survival curves. 11 Relative to nongraphical information, survival curves seem to reduce the impact of immediate outcomes and increase reliance on long-term outcomes. 8 However, few patients (though a much larger proportion of physicians) report paying attention to the middle section of survival curves (i.e., the intermediate time frame). 4, 6 Nonetheless, data from our lab show that preferences between 2 options do alter when the middle section of one curve is changed even if the endpoints and crossing points of the curves are unaltered. 15 Thus, although survival curves offer the potential for reducing the habitual tendency for myopic decision making, 16, 17 research on their use is far from uniformly favorable. Seemingly, people often fail to extract correct information from survival curves 2 ; can be influenced by irrelevant procedural, semantic, or visual features 9,10 ; and may not attend to all the information that they contain. 4, 6 However, these studies often did not provide detailed explanations of, or the opportunity to learn how to use, survival curveswhich ought to represent good practice. 12, 18 Therefore, participants in the studies reported here were given a ''tutorial'' on reading survival curves-our intent being to explore how accurate people can be under favorable circumstances. To inform best practice, we manipulated the complexity of the information presented: contrasting more ''informative'' displays with simpler but less ''efficient'' ones (e.g., 2 options shown together v. options shown separately).
Our investigation also evaluated the use of multistate survival curves (see Methods), which simultaneously show probabilities over time for 3 or more outcomes states-for instance, 1) death, 2) survival with poor heart function, and 3) survival with good heart function 19 ; or 1) death, 2) survival with further surgical intervention, or 3) event-free survival. Multistate survival curves offer the potential for a fuller consideration of time-dependent outcomes that patients involved in treatment decisions may wish to take into account-particularly those outcomes that affect quality of life as opposed to, or in addition to, survival per se. However, whether patients are able to use these efficient yet more complex graphics is not yet known.
METHODS

Participants
The participants were 88 volunteers with a mean (standard deviation, s) age of 38.5 (11.1) years and a range of 19 to 68 years and an interquartile range of 30 to 46 years. Most were parents or other adult family members of a child undergoing treatment/ investigation for congenital heart disease, recruited in a hospital (n = 44) or via family support groups (n = 9). The remaining participants were (nonclinical) administrative/clerical staff in a hospital (n = 33) or university (n = 2). Fifty-eight percent indicated that they were female, 72% were a parent, and 92% had English as their first language. The sample varied widely by education: 22% had no formal educational qualification beyond those obtained by age 16 years; 26% had education to age 17 or 18 years (but not to degree level); and 30% had an undergraduate degree and 19% a postgraduate degree as their highest qualification (education level was not known for the remaining 3% of participants). Note: The order of the wording for options shown in bold-type capitals corresponds to the congruent-incongruent (left-right) order. Where percentages are shown in italics, there was no language manipulation. Therefore, the column headings refer to variation in other questions. Any differences between conditions for these questions merely reflect sampling variability associated with the random allocation of participants to condition. For accuracy comparisons of equivalent questions between exercises, pairs of percentages (in the same column) that share a common superscript differ significantly (P \ 0.05).
Tasks, Apparatus, and Design
Study 1: Simple survival curves. Two exercises were developed, each comprising survival curves for 2 treatments (''A'' represented by a blue line and ''B'' by an orange line). Vertical axes were labeled ''number of patients alive out of 100'' (0-100 scale), and horizontal axes were labeled ''number of years from start of treatment'' (0-10). Figure 1 shows an example from the study materials. The survival data were hypothetical but realistic: exercise 1 presented survival rates (see Appendix 1), and exercise 2 showed the chance of being alive and well. Seven questions with objective answers were posed for each exercise (see Table 1 ); plus, participants indicated which treatment they thought was best. The order of the exercises was counterbalanced. Two factors were manipulated in a 2 3 2 betweensubjects design: presentation format and language. For format, the curves were presented as 2 separate figures or on 1 figure showing both curves. In exercise 1, language was manipulated to be congruent or incongruent with the survival frame of the curves for 5 of the 7 questions (''number alive'' versus ''number dead''). In exercise 2, the 2 language formats differed according to the description of the target category (''alive and well'' v. its complement ''not alive and well'') or the quantifier used (''more'' versus ''fewer'') as appropriate to the question.
Study 2: Multistate survival curves. The task was equivalent to study 1, except that 3 possible outcomes were represented for each of the 2 treatments: ''alive,'' ''alive and well,'' and ''alive but unwell'' ( Figure 1 ). Six questions were asked for each of the 2 exercises (order counterbalanced); plus, participants stated which treatment was preferred (see Appendix 2) .
Two factors were manipulated in a 2 3 2 betweensubjects design: figure type and language. For figure type, participants saw either 3 simple survival curve figures (1 for each outcome) each showing both treatments or 2 multistate survival figures for treatments A and B separately. The multistate graphs consisted of 2 lines showing probabilities for survival and for the outcome ''alive and well,'' which partitioned the graph into 3 color-coded labeled regions (''alive and well'' in yellow, ''alive but unwell'' in green, and ''dead'' in blue). The language was varied on 4 questions from each exercise: ''alive'' versus ''dead'' or ''more'' versus ''fewer,'' as appropriate to the question.
Numeracy measures. Participants completed 2 previously validated measures: a Subjective Numeracy Scale (SNS) comprising 8 questions (e.g., ''How good are you at working with fractions?) answered on a 6-point scale labeled at each endpoint (''not at all good'' to ''extremely good'') 20 and an Objective Numeracy Scale (ONS) with 11 questions (e.g., ''Which of the following numbers represents the biggest risk of getting a disease? 1%, 10%, 5%''). 21 Minor changes to the original wording of some SNS and ONS questions were made to reflect UK English idiom. SNS scores were the mean rating for each participant (after reversecoding 1 item), and ONS scores were the number correct (out of 11). 
Procedure
Potential participants were approached by an experimenter and given written information about the study. Volunteers then signed a consent form that reiterated their right to withdraw and to anonymity. Participants were asked not to confer with anyone else, and they were given a pack of materials to complete in the following order:
1. a 550-word explanation of survival curves, using 3 graphs and 8 examples of extracting information (available at http://understandinguncertainty.org/ survival-paper-materials); 2. the study 1 exercises (participants being randomly assigned by language and presentation format); 3. a 300-word explanation, with 3 examples of how to extract information for multiple-outcome stateseither from multistate survival curves or from several simple curves (appropriate to their assigned condition); 4. the study 2 exercises (participants were randomly assigned to 1 of the 2 language formats independently for each exercise and to 1 of the 2 figure types; random assignment to conditions in study 2 was independent of the assignment to conditions in study 1); 5. a series of exercises for another risk communication study, unrelated to survival curves (not reported here); and 6. the SNS and ONS questions, plus a short demographic questionnaire.
Participants either completed the questionnaire then and there or took it away to be returned in person or by post a few hours or days later. Typical completion times were 45 to 55 minutes. Participants were thanked and offered UK£5 (approximately US$8) for participating. Most participants elected to give their fee to a medical charity. The figure of 88 participants represents approximately two-thirds of those who expressed sufficient interest in participating to request the study materials. Only a small proportion (i.e., \5%) of those approached to participate had declined to take a study pack. Given informal feedback from potential and actual participants, we conclude that the relatively time-consuming nature of our study was a hindrance to completing the study.
Statistical Analysis
Data analysis was performed using Excel and SPSS software. Inferential statistical tests were conducted and are reported 2-tailed with an a level of 0.05 without correction for multiple tests. Mean differences for the percentage of correct responses over a set of questions were examined using analysis of variance (ANOVA). For these analyses, we report partial h 2 as a measure of effect size: this gives the proportion of variance in the dependent variable that is accounted for by the effect under examination. Between-group or paired differences in the proportion of correct responses for individual questions were examined with x 2 tests. The relationships between individual difference measures (e.g., level of numeracy) and overall accuracy in reading survival curves were assessed using correlation. The sample size provides standard errors of 5%, 3%, and 2% for observed proportions of 75%, 90%, and 95%, respectively. A sample size of 44 per group also provides 80% power (for a single question) to detect a true difference in the proportion of correct responses between groups having 60% and 88% correct responses, at the 5% level.
Funding Source and Research Governance
The research was funded by a research grant from the British Academy, an academic society (partfunded by government) that funds research in the humanities and social sciences. The funding agreement ensured the authors' independence in designing the study, interpreting the data, writing, and publishing the report. The research received ethical approval from the Joint UCL/UCLH Committees on the Ethics of Human Research (Committee A), which is a member of the UK National Health Service National Research Ethics Service.
RESULTS
Each response was scored for accuracy allowing a margin of 63% (absolute difference) on questions with a percentage answer. For questions regarding time, the margin allowed was 60.5 years. Four participants completed only 1 of the 2 exercises in study 1. (As they went on to complete further questions, we assume that they inadvertently skipped a page of the materials). Their responses to individual questions were analyzed alongside other participants-however, no overall accuracy score was imputed for these participants. Table 1 shows the accuracy of response for each question, for each exercise, and overall (combined across all conditions and separately by presentation format and by language). A 2-way ANOVA (presentation format 3 language) with percentage correct as the dependent variable indicated a small but nonsignificant effect of presentation format (small advantage for 2 figures over 1), F(1, 80) = 1.91, P = 0.17, partial h 2 = 0.023, no significant effect of language and no significant 2-way interaction (both F \ 1). Overall, participants were highly accurate, and this differed little between conditions. Accuracy exceeded 90% in 11 of the 14 questions. Notably, accuracy fell below 80% for questions 3 and 4 of exercise 1, both of which involved finding differences between 2 points. However, this calculation is also required in questions 3 and 4 of exercise 2, where accuracy was more similar to the questions that involved reading of a single point. McNemar x 2 tests confirmed that participants were significantly more accurate on question 4 of exercise 2 than they were on questions 3 or 4 of exercise 1 (P = 0.04 and P = 0.02, respectively). For question 3 of exercise 2, the 11% to 14% advantage over questions 3 and 4 of exercise 1 was not significant (P = 0.15 and P = 0.06, respectively). We note that the term ''died'' (exercise 1) may not make the need for subtraction explicit in the same way as the terms ''more'' or ''fewer'' (exercise 2)-see discussion. Consistent with the general Note: Participants completed both exercises with the same type of figure, but language format could vary between exercises. The order of the wording for options shown in bold-type capitals corresponds to the Form A-B (left-right) order. Where percentages are shown in italics, there was no language manipulation. Therefore, the column headings refer to variation in other questions. Any differences between conditions for these questions merely reflect sampling variability associated with the random allocation of participants to condition. For accuracy comparisons between conditions, pairs of percentages (in the same row) that share a common superscript differ significantly (P \ 0.05).
Study 1: Simple Survival Curves
pattern, accuracy on individual questions differed little across the 2 language formats or presentation formats-and never differed by more than 11% between conditions. Table 2 shows the accuracy of response: overall, for each exercise, and for each question (combined across conditions, by language, and by figure type). Accuracy was slightly lower than in study 1. The mean percentage correct was analyzed separately for each exercise using 2-way ANOVA (language 3 figure type).
Study 2: Multistate Survival Curves
For exercise 1, neither the main effect of language nor the 2-way interaction was significant (both F \ 1). However, the main effect of figure type was significant, F(1, 84) = 5.57, P = 0.02, partial h 2 = 0.062, with accuracy being lower for multistate curves than for simple figures. Notably, approximately half the 10% gap between the 2 figure types is attributable to the markedly inferior performance with multistate figures on question 2 (concerning ''alive but unwell'' patients). There was a significant difference between simple and multistate figures for the proportion correct on this question, x 2 (1, N = 88) = 8.64, P = 0.003. None of the other questions in exercise 1 had a significant difference between the conditions. We note that reading the ''alive but unwell'' category on a multistate figure required identifying a ''gap'' between 2 curves-but this was not required in the simple figures condition, as probabilities for ''alive but unwell'' were represented by a single curve (see Discussion).
For exercise 2, neither the main effect of language nor the 2-way interaction were significant (both F \ 1.02), and also, the small accuracy advantage for simple figures was nonsignificant, F(1, 84) = 1.18, P = 0.28, partial h 2 = 0.014, The largest individual effect of figure type was for question 6 (''more/fewer alive''), significant x 2 (1, N = 88) = 5.01, P = 0.03, which alone accounted for most of the 4% accuracy difference between the simple and multistate figures. When exercises 1 and 2 are taken together, there is a 7% accuracy advantage for simple figures over multistate figures-a difference that approached significance, t(86) = 1.88, P = 0.06.
There is some evidence that asking which treatment has more patients in a given state yields more accurate responses than asking which treatment has fewer patients (7% difference in percentage correct). However, this difference was nonsignificant in both exercises (P of 0.12 and 0.15, respectively).
Numeracy SNS scores were calculated for each participant ( x = 4.14, s = 1.01, range of 1.38-6.00, interquartile range of 3.63-4.88), and this scale was found to have very good internal consistency (Cronbach a = 0.84). In keeping with other studies using this scale, 22 participants' ONS scores were often close to the maximum score of 11 ( x = 9.24, s = 2.08, range of 1-11, interquartile range of 9-11), although this scale also had good internal consistency (a = 0.78). Consistent with prior research, 20 higher SNS predicted better ONS, r = 0.48 (N = 85), P \ 0.001. SNS was not significantly related to educational level (5-point scale), r = 0.16 (N = 84), P = 0.15, but ONS and educational level were significantly related, r = 0.29 (N = 83), P = 0.007.
We used correlation to examine the relationship between task accuracy (percentage correct) and each ability measure (ONS, SNS, and educational level). Table 3 shows that the subjective and objective numeracy measures predict task accuracy to a similar degree and that these brief specific measures are at least as good linear predictors of accuracy as a participant's level of general education. * Examination of scatter plots indicated that none of these correlations were substantially affected by outliers. Post hoc, following a reviewer's suggestion, we further inspected the data to determine whether these relationships between * Post hoc, we identified ''How good are you with percentages?'' as the SNS item with the strongest item-scale correlation. Interestingly, this single item was a significant predictor of task accuracy (r = 0.25 and r = 0.28 for studies 1 and 2) and was superior to education level as a linear predictor of accuracy. ability and task accuracy were in any way nonlinear (e.g., better described by quadratic or step functions). To this end, Table 4 reports mean accuracy for different levels of ONS, SNS, and educational level (levels collapsed to create 4 groups, with groups as equally sized as possible). For ONS, the decrement in accuracy with decreasing numeracy is greatest at the lowest level of ONS: the difference between the ''low'' and ''low average'' ONS groups being slightly greater than that between the ''low average'' and ''high'' SNS groups. Inspection of a (nonlinear) Loess regression plot concurred with this analysis, indicating a distinct ''step down'' in accuracy on the simple survival curves between ONS scores of 7 and 8. For SNS, the ''high'' and ''high average'' groups perform similarly, with performance falling steadily across the lower SNS groups. For educational level, performance on the simple survival curves does not vary systematically by level of education (consistent with the r of -0.12 in Table 3 ). However, for study 2, those with a university degree performed somewhat better than those without one.
As a further, more detailed analysis of the possible impact of low numeracy, we examined accuracy on individual items in relation to ONS and SNS. Our analysis of study 1 had identified 2 ''hard'' items, where a subtraction is required but perhaps not explicitly indicated by the question wording (questions 3 and 4 of exercise 1). Interestingly, of the 14 items in study 1, these 2 items had the strongest positive correlations with SNS and were the first and fourth most strongly correlated items with ONS. Specifically, participants in the ''low'' ONS or SNS groups achieved slightly less than 50% accuracy on these 2 questions, while those in the ''low average'' and ''high average'' ONS or ''low average'' SNS groups were approximately 75% accurate for these items. Importantly, these same participants performed better on other items, with accuracy for most questions being close to 90%. In contrast, participants in the remaining higher numeracy groups did not perform worse on these 2 questions: they maintained close to 90% accuracy irrespective of the question. Thus, it would seem that the difficulties posed by this item were not experienced uniformly by all participants-only those of average to low levels of numeracy (relative to our sample) experienced difficulties. However, no equivalent pattern could be discerned in the data for the multistate curves in study 2, where question 2 of exercise 1 and questions 2 and 5 of exercise 2 each required subtractions that were not explicitly cued by the language of question that was posed.
DISCUSSION
Our findings encourage greater optimism regarding people's ability to interpret survival curves correctly, compared to what some previous studies have done (e.g., Armstrong et al. 2 ). Accuracy was typically in excess of 90% when people were asked about 1 of 2 possible outcomes (e.g., ''alive'' or ''dead'') represented via a simple survival curve. Even for the more complex task of considering 3 outcome states (study 2), accuracy was generally well in excess of 80% irrespective of the particular form of words used. We acknowledge the limitation that our sample was more highly educated than the general population-which could have contributed to the higher levels of performance in our studies. Certainly, in future investigations, we would wish to recruit samples where more than 50% of participants have no college-level education (reflecting UK norms). However, educational level was not a particularly good predictor of task accuracy, which, given that there was reasonable variability in educational attainment, would have been expected if general educational level were an important factor in performance. Specific measures of numeracy-selfreported or objectively assessed-were more reliable predictors of accuracy than general educational level, and it is important to note that these specific measures were not strongly related to levels of general education. We assume that providing a detailed tutorial on how to interpret survival curves (which drew on prior research) explains some of the enhanced performance of our participants relative to those in other studies. y In the absence of formally manipulating this within this investigation, we cannot be certain of this-nonetheless, it would be odd if it did not contribute to the accuracy of our participants given the evidence for the efficacy of worked examples across a range of domains 23, 24 and the effects of practice that have been noted with interpreting survival curves. 1 A further limitation of our study sample was that we surveyed neither older adults (over 70 years of age) nor adolescents. Individuals from these groups can be expected to take an active role in the treatment decisions that affect them, but-important for the kinds of information-processing tasks that we examined-the distribution of cognitive ability within such groups may not be closely matched to that of our study participants. 25 Similarly, we had too few participants with English as an additional language to undertake meaningful analysis of the comprehension of individuals having to follow medical information provided to them in their second or third language. This limits the generalization our findings to these important subgroups of patients. Therefore, future research on graphical risk communication would benefit from a specific focus on these subgroups. These further investigations could be enhanced by taking measurements of numeracy (both self-reported and directly assessed, as we did) as well as perhaps more specific measures, such as health literacy. 26, 27 This would allow one to disentangle the separate effects of factors that might be (somewhat) related (e.g., age, numeracy, and literacy). This would permit more widely applicable recommendations for best practice than those that we are able to make on the basis of the studies reported here.
These limitations aside, our findings do have valuable implications for best practice in communicating complex risk information. Participants often performed less well on questions that required them to find the difference between 2 points (e.g., changes in survival over time or the difference between 2 curves on a multistate graph). This has been observed before with simple survival curves 1 and should be expected as the opportunities for error increase as the number of mental operations increases. However, our data provide some additional insight into the boundary conditions of this finding. First, the difficulty may not primarily reside in calculating a difference but in knowing when this calculation is appropriate. In 2 questions of exercise 1 in study 1, participants were required to say how many people died between 2 time points (which requires finding a difference)-and performed less well on these questions than on other questions in that study. However, crucially, participants performed well when asked how many fewer (or more) participants were alive and well at one point in time in comparison to another (which also requires finding a difference). It may seem obvious to those familiar with survival data that the number of people dying is simply the difference between 2 values for the number of people alive. However, it does strike us that the calculation of a difference is more explicitly signaled by the words ''more'' or ''fewer,'' as these words orientate one toward the outcome that is explicitly labeled on y Some evidence in support of this assumption comes from a small-scale evaluation of the ''tutorial'' on survival curves used in study 1, conducted subsequent to the studies that we report. This tested the efficacy of providing instructions on interpreting survival curves against providing general instructions on the use of graphs. As a filler task in an unrelated study, 100 participants from a university population (mainly students) were randomly assigned to read either the ''specific'' 550-word explanation of survival curves used in study 1 or a 620-word ''generic'' description (including figures) of using and constructing simple graphs (taken almost verbatim from the online resource Wikipedia). All participants then completed the same pair of study 1 exercises (single figures showing 1 line, with incongruent language). Participants given specific instructions made 20% fewer errors than those given generic ones: mean (standard deviation) percentage correct, 86.4 (14.3) with specific instructions versus 83.0 (17.5) with generic instructions. An independent-samples t test found no significant difference in accuracy between these 2 participant groups, t(98) = 1.07, P = 0.29, d = 0.21. However, a more powerful ''items analysis,'' which compared task accuracy for specific and generic instructions across the 14 questions that were answered, detected a significant advantage for the specific instructions, t(14) = 2.28, P = 0.04. a survival curve (e.g., ''alive'' or ''alive and well''). In study 2, where participants were asked about ''more/ fewer'' deaths, number alive, or number alive and well, performance was generally better. It would seem that the more explicit the signaling of a calculation, the better. A second possible boundary condition is that, seemingly, the difficulties with such calculations (or the language associated with them) arose primarily among those with lower levels of numeracy. Our investigation lacked the statistical power to confidently identify complex interactions between numeracy levels and language variations on individual items. However, our unanticipated findings in this regard suggest that such interactions warrant further investigation.
Problems with ''nonsignaled calculations'' may also have hindered performance on the multistate curves. Here, a probability for the event ''alive but unwell'' is not denoted by a point on a curve but by the difference between points on 2 separate curves. This was indicated in the tutorial that participants read but probably needs emphasizing more clearly, as it is not necessarily obvious that the proportion of patients who are alive but unwell is the difference between the proportion who are alive and the proportion who are alive and well. Conversely, while there is a single line on our multistate curves that denotes the probability of survival (the uppermost curve), the region below is divided into two subregions (''alive and well'' plus ''alive but unwell''). This may have prompted participants to perform additions that were not necessary-thereby increasing the chances of error. Consistent with this proposal, question 6 of each exercise in study 2 was answered less well for multistate figures than for simple figures. For this reason, we recommend labeling curves (e.g., ''number alive'') as well as regions above or below the line (e.g., ''alive and well'' and ''alive but unwell''). Thus, although there was some evidence that the added complexity (alongside improved efficiency) of a multistate curve was, to some degree, harmful to accuracy, the improvements to the presentation and explanation of these graphics suggested above would be worth testing to see if accuracy levels for multistate curves can match those for simple curves.
Our studies focused primarily on the initial extraction or comprehension of information represented via survival curves that were necessary but perhaps not sufficient for using that information appropriately. Future research should examine the interpretation and use of survival data more directly. For instance, while most participants were able to extract valid information when asked to, we do not know whether they had a clear conception of what it meant for 2 survival curves (for different treatments) to be seen to cross over.
We conclude that, with appropriate explanation, survival curves representing a range of outcome states can be read with a high degree of accuracy. Patients with lower levels of numeracy may experience some difficulties. However, even in our hardest task (study 2), participants below the lower quartile for ONS or SNS maintained close to 80% accuracy. High levels of accuracy were maintained over a range of different forms of language, though if a calculation is not signaled explicitly, this increases the chance of error or misunderstanding-perhaps particularly so for less numerate individuals. Improved ''signaling'' for extracting information from survival curves is likely to be achieved through careful attention to the language used when discussing or examining curves and, particularly in the case of multistate curves, through improved labeling of the graphic.
The high levels of accuracy attained by our participants point to the importance of good explanations for graphical risk information. Our findings regarding the signaling of calculations illustrate the potential danger of ''hidden knowledge'': features that are obvious to those who are familiar with particular kinds of information but which need to be made explicit to the nonexpert. It may be wise to use multiple forms of language (e.g., ''mortality'' and ''survival'' rates) to ensure that concepts, or categories and their complements, are well understood. Regarding the tailoring of numeric information, our studies suggest that general educational background may be a poor predictor of what can be grasped. Specific measures of numeracy are preferred. From a practical standpoint, it is promising that a subjective numeracy measure (i.e., simply asking someone how skilled he or she is) was at least as effective as an objective test in identifying who was more or less able to cope with the graphical/numeric information that we provided. In sum, there is no reason to avoid using survival curves as long as resources are given to assist patients to understand and use them. Please take a look at the charts below, and then answer the questions on the right-hand side of the page. 
1) For treatment
